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-INTRODUCTION Mixed conductors find wide application in high temperature solid-state electrochemical devices such as solid oxide fuel cells, batteries and sensors. The same materials also hold particular promise as ceramic membranes designed to separate oxygen from air, being impervious to other gaseous constituents. High oxygen permeability, usually comes along with high oxygen ionic conductivity, is desired in the separation process. (La,Sr)(Fe,Co)Ox systems have been shown by Teraoka et al. [ 
1,
21 to have not only mixed (electronic and ionic) conductivities but also appreciable oxygen permeability (two orders of magnitude higher than that of stabilized zirconia at 800°C). One could use this material for producing syngas (CO + H2) by direct conversion of methane and other basic hydrocarbon gas, such as coal gas. Air can be used as oxidant in the conversion process because the dense ceramic membrane made from this material can successfully separate oxygen from air at flux rate that could be considered commercially feasible. Thus these materials can potentially be used in applications for improving the economics for methane conversion processes [3-71.
Electronic and ionic transference numbers are important parameters for understanding the thermodynamic process in ceramic material. Four-probe electron-blocking method 181, used in our experiments, has been shown to give reliable data of oxide ion conductivity for mixed conductors.
I n this paper, we discuss the temperature dependence properties of two compositions in the Sr-Fe-Co-0 systems, named as SFC-1 and SFC-2. Activation energies, Ea, are obtained by a local fitting to 16 h with intermittent grinding. After final calcination, the powders were ground with an agate mortar and pestle to an average size of =7 pm. X-ray diffraction (XRD), Scanning electron microscopy (SEM), thermal analysis results and particle size distribution analysis were reported earlier [9, 1 11.
The resulting powders were pressed with 1 . 2~1 0~ MPa load into pellets of 21.5 mm in diameter and =3 mm in thickness. Pellets were sintered in air at =12OO"C for 5 h. The pellets were cut into small bars used for conductivities measurement. The bulk densities of samples are -95% of their theoretical values.
The experimental set up for the total conductivity measurement is shown in Fig.1 . Pt wires were used as probes in the four-probe measurement. The resistance of specimen was measured with HP 4192A LF impedance analyzer. At low frequency, the measured resistance was the same value as that got with conventional dc method. For the measurement of oxygen ion conduction, yttria stabilized zirconia (YSZ, with 8 mol.% Y2O3) was used for electron (hole) blocking electrode. A schematic drawing of experimental arrangement is shown in Fig. 2 . Gold paste was used in between YSZ and sample to eliminate the contact resistance. Experiments were carried out in flowing air environment. At each measuring temperature, we waited three hours for the specimen to reach equilibrium before taking data.
RESULTS AND DISCUSSION
Conductivities were calculated from following equation:
o=-dvv
R -S
where d m and S are the separation of voltage probes and the crosssectional area of the specimen, R the resistance measured with 4-probe method.
The measured total conductivities of SFC-1 and SFC-2 in air at various temperatures are shown in Fig. 3 . Total conductivity in SFC-1 decreases with increasing temperature and behaves metallic. However, for SFC-2 the total conductivity increases with increasing temperature, behaves like semiconductor. At 8OO0C, the total conductivities for SFC-1 and SFC-2 are 80 Sscrn-1 and 17 S-cm-1, respectively.
The measured ionic conductivities of SFC-1 and SFC-2 in air at various temperatures are shown in Fig. 4 . Different from the total conductivity behavior, the ionic conductivities increase with increase in temperature for both SFC-1 and SFC-2 samples. At 8OO0C, the ionic conductivities for SFC-1 and SFC-2 are 4 and 7 S-cm-1, respectively.
Since the total conductivity (cTtotal), is the summation of ionic conductivity (Gi), and electronic conductivity (eel),
we can obtain the electronic conductivity by using equation (2) . At 8OO0C, the electronic conductivities of SFC-1 and SFC-2 samples are 76 and 10 Seem-1 respectively.
Temperature dependence of ionic transference numbers, t i (defined as ti = Oi/cTfotd 1, are shown in Fig. 5 . For SFC-1, ti increases linearly with temperature; for SFC-2, ti is more or less independent of temperature.
The ionic transference number of SFC-2 is =lo times greater than that of SFC-1 at 800°C. For SFC-1, the ratio of electronic transference number (ter) to ionic transference number, tel/ti, is about 10 at 800°C.
This indicates that electronic conductivity behavior dominates the total conductivity in SFC-1 while in SFC-2 electronic and ionic conductivities play almost equivalent roles. This might be the reason why SFC-1 has completely different temperature dependence behavior for electronic and ionic conductivities while SFC-2 has very similar temperature dependence behavior for both. Comparing to other systems like (La,Sr)(Fe,Co)03 [8, [12] [13] [14] , Sr-Fe-Co-0 system shows quite high ionic conductivity. Table 1 shows the collected information on the electrical conductivities for the (La,Sr)(Fe,Co)Ox systems.
- Motion of oxide ions can be described by a thermally activated process for which the ionic conductivity satisfies [ 161 where A is a constant, Ea is the activation energy for oxide ion, k, Boltzmann constant (8.63 x loq5 eV/K), and T the absolute temperature. Ln(T.oi) us. 10000/T for SFC-1 and SFC-2 are plotted in Fig. 6 . By doing a local fitting to equation ( The oxygen diffusion coefficient of SFC-2 has been measured by conductivity relaxation methed [19] . Because of the fracture of SFC-1 at low oxygen partial pressure, we were not be able to perform relaxation experiment on SFC-1 sample. The diffusion coefficient of SFC-2 is ~9x10-7 cm2/sec at 900°C.
Membrane reactor tubes from SFC-1 and SFC-2 ceramic powders have been fabricated via an extrusion technique [3, 6, 9 , lo]. These tubes were tested in actual methane gas conversion reactors. Methane gas was passed on one side and air on other side of the ceramic tubes. Reactor tubes made out of SFC-1 composition disintegrated within minutes into conversion reaction, whereas reactor tubes made out of SFC-2 composition were tested for over 1000 h without any fracture. Methane conversion efficiency > 98% were obtained in reactor runs over 1000 h at 850°C [6, 9, 101. CONCLUSION SFC-2 has different electronic ionic properties from SFC-1. The ionic conductivity and electronic conductivity we got for SFC-2 sample are very close in value. However, the electronic conductivity of SFC-1 is much greater than its ionic conductivity. SFC-2 has more stable structure [6, 101 than SFC-1. Tubes made with SFC-2 provided methane-conversion efficiency of greater than 98%, and have been in operation for more than 1000 h. The activation energy of SFC-2 is smaller than that of SFC-1. Suggesting that the migration of oxide ion in SFC-2 sample is easier than that in SFC-1 sample. Our results indicate that SFC-2 is a better material for making oxygen permeation membranes.
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